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(54) 

(57) A purifying calalyst for the exhaust gas from 
the internal combustion engine of an automobile, for 
exarrple. is disclosed which excels in the punfying abil- 
ity in quick response to the atmosphere of the exhaust 
gas largely varying with changes in the operating condi- 
tion of the engine involving such phases as idling, accel- 
eration, constant-speed drive, and deceleration. The 
purifying catalyst contains rhodium, palladium, a cerium 
compound, and a refractory inorganic oxide as catalytic 
components carried on a refractory carrier and com- 
prises at least two catalyst layers, namely a catalys 
layer containing the cerium compound and a catalyst 
layer containing palladium. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

This invention relates to a purifying catalyst for the exhaust gas from an internal combustion engine which deprives 
the exhaust gas simultaneously of the harmful components, i.e. carbon monoxide (CO), hydrocarbon (HC), and nitro- 
gen oxides (NO x ). 

10 

Description of the Prior Art: 

In such purifying catalysts for the exhaust gas from the internal combustion engine of an automobile, for example, 
as are intended to effect simultaneous removal of the harmful components of the exhaust gas, i.e. CO, HC, and NO x , 

is such platinum metals as platinum, palladium, rhodium, and iridium are generally used as an active component The cat- 
alysts which are formed of platinum/rhodium, platinum/palladium/rhodium, palladium/rhodium, and palladium alone are 
now in popular use. Many inventions directed to imparting improved heat resistance to the precious metal-containing 
purifying catalysts for the exhaust gas from an internal combustion engine have been proposed (JP-A-04-21940, JP-A- 
04-284847, JP-07-171392, etc.). 

20 While the internal combustion engine of an automobile is driven, the driving condition of the engine of automobile 
frequently changes from idling to acceleration, from acceleration to constant-speed drive, from constant-speed drive to 
deceleration, or from constant-speed drive to acceleration. The atmosphere of the exhaust gas from the internal com- 
bustion engine is largely varied as a result. When the ability of the purifying catalyst at the reaction variable filed as 
implied above is studied in detail, the results hardly justify the conclusion that the conventional purifying catalysts for 

25 the exhaust gas from an internal combustion engine manifest a fully satisfactory purifying ability and that they respond 
fully satisfactorily to the purification of NO x in particular. 

An object of this invention, therefore, is to provide a novel purifying catalyst for the exhaust gas from an internal 
combustion engine. 

Another object of this invention is to provide a purifying catalyst for the exhaust gas from the internal combustion 
30 engine such as of an automobile which excels in the ability to respond quickly to the atmosphere of the exhaust gas 
varying greatly with the changes in the driving condition of the engine involving such phases as idling, acceleration, 
constant-speed drive, and deceleration, particularly a purifying catalyst for the exhaust gas from the internal combus- 
tion engine which excels in the ability to respond quickly to the purification of NO x . 

We have pursued a diligent study on the purifying catalysts for the exhaust gas from an internal combustion engine 
35 to learn that a purifying catalyst for the internal combustion engine exhaust gas which is possessed of a plurality of cat- 
alyst layers comprising a specific combination of platinum metals, a cerium compound, and a refractory inorganic oxide 
excels in the ability to respond quickly to the changes in the atmosphere of the exhaust gas. The present invention has 
been perfected as a result. 

40 SUMMARY OF THE INVENTION 

The objects mentioned above are accomplished by the following aspects, (1) through (20), of this invention. 

(1) A purifying catalyst for the exhaust gas from an internal combustion engine, containing rhodium, pallacfium, a 
45 cerium compound, and a refractory inorganic oxide as catalytic components, carried on a refractory carrier, and 

comprising at least two catalyst layers, i.e. a first catalyst layer containing the cerium compound and a second cat- 
alyst layer containing the palladium and containing the cerium compound in an amount of not more than 5% by 
weight as Ce0 2 based on the amount of the second catalyst layer 

(2) A catalyst according to (1) above, wherein the first catalyst layer containing the cerium compound contains rho- 
50 diurn. 

(3) A catalyst according to (1) above, wherein the rhodium content of the second catalyst layer containing the pal- 
ladium is not more than 0.05% by weight based on the amount of the second catalyst layer. 

(4) A catalyst according to (1) above, wherein the palladium content of the first catalyst layer containing the cerium 
compound is not more than 0.1% by weight based on the amount of the first catalyst layer. 

55 (5) A catalyst according to (1) above, wherein the cerium compound and palladium are not substantially contained 
in one and the same catalyst layer. 

(6) A catalyst according to (1) above, wherein the first catalyst layer containing the cerium compound forms an 
outer layer and th second catalyst layer containing the palladium an inner layer in the sup r posed catalyst layers. 

(7) A catalyst according to (1) above, which contains platinum metals excluding rhodium and palladium. 
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(8) A ca.a^s, according to (1) above, wherein ft refractory inorganic oxide has a BET surface area in the range 
of 10 to 400 m 2 /g. rhodjum js jn me range o, 0 0 1 to 2 g 

dium is in the range of 0.01 to 5 g per liter of the , ay er containing the palladium further contains 
f^lTa^^ 

M^Salvit according to (1 1) above, wherein the rhodium content of the second catalyst layer containing the 
tained in one and the same catalyst layer. containing the cerium forms an outer layer 

2 g. the palladium content .n the range of 0.1 to 2 ^™ ^ , 0 , 0 300 g per , iter of the catalyst. 

dium is in the range of 0.01 to 5 g per liter of the catalyst. 

Thecatalystofftisir.^^^ 
an excellent purifying abi.rty in que* response to *e *^ of ttj e^ustg dfjve and dece , 

in the operating condition of the eng,ne .rwohnng .^P^!^^ 9 ^ 1 exceptionally useful for the purification 
eration particularly an excellent purifying ability in quick response to nu„. «p 
of the exhaust gas from an internal combustion engine 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

containing palladium. „ . ^ in ^ invent ion include oxides, carbonates, and sulfate prod- 

The cerium compounds which are eff ectwely usea particularly advantageous. The 

ucts. for example. Among other cerium «**""'^ 

cerium oxides are not particularly l.mrted so long as they ^^^^Tted as CeOo (hereinafter referred to "cat- 
hie salts or water.so.uWe sate. The content of the ^^^^^72 80 g. per liter of the catalyst, 
culated as CeCV) in the catalyst is fte ^ ^ m „ « exceeds 

^epalladiumc^e^ 
Tg^lx^^^ 

hereof. For this invention, the first catalyst ,a ^^^;^ r ^^ , Tr2 a preferably 0.02 to 1 g. per 
contain rhodium. The rhodium content in this . rrvert^ is * °£ d( J£ in abilrty. H the content 
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The expression "to avoid substantially containing rhodium" as used herein means that the rhodium content is not more 
than 0.05% by weight and preferably not more than 0.025% by weight based on the total weight of the relevant catalyst 
layer and especially that no rhodium is contained. If the rhodium content exceeds 0.05% by weight, the excess rhodium 
will react with palladium possibly to the extent of harming the ability of the catalyst. 

5 This invention likewise prefers the first catalyst layer containing the cerium compound mentioned above to avoid 

substantially containing palladium. The expression 1o avoid substantially containing palladium" as used herein means 
that the palladium content is not more than 0.1% by weight and preferably not more than 0.05% by weight based on the 
total weight of the relevant catalyst layer and especially that no palladium is contained. If the palladium content exceeds 
0.1% by weight, the excess palladium will react with rhodium possibly to the extent of harming the ability of the catalyst. 

w This invention further prefers the second catalyst layer containing the palladium mentioned above to avoid substan- 
tially containing a cerium compound. The expression "to avoid substantially containing palladium" as used herein 
means that the cerium compound content is not more than 5% by weight and preferably not more than 3% by weight 
as Ce0 2 based on the total weight of the relevant catalyst layer and especially that no cerium compound is contained. 
If the cerium compound content exceeds 5% by weight, the excess cerium compound will harm the catalyst by degrad- 

15 ing the purifying ability in quick response to the NO x mentioned above. 

Though the second catalyst layer containing palladium is preferred to avoid substantially containing a cerium com- 
pound as described above, it may contain such a specific cerium compound as will be described below. 

Such cerium compound which is usable has a Brunauer-Emmett-Teller (BET) specific surface area of not more 
than 20 m 2 /g or a crystal diameter of not less than 200 A as determined by an X-ray diffractometer (XRD with Cu-Ka as 

20 light source). If the specific surface area of the cerium compound exceeds 20 rr^/g or the crystal diameter of the cerium 
compound as determined by the XRD is less than 200 A. the cerium compound will be at a disadvantage in degrading 
the catalyst in the purifying ability in quick response. The cerium compound of a quality such that the specific surface 
area thereof may be not more than 20 rr^/g or the crystal diameter thereof as determined by the XRD may be not less 
than 200 A can be obtained by a method which comprises causing a cerium compound of a quality such that the spe- 

25 cific surface area thereof may be not less than 20 rrP/g or the crystal diameter thereof as determined by the XRD may 
be not more than 200 A to undergo forcibly accelerated crystallization in an atmosphere of an elevated temperature or 
by a method which comprises hydrolyzing or precipitating a water-soluble salt of cerium prior to the preparation of a 
cerium compound and, while the product thereof is still in the form of a hydroxide or a hydrate, forcibly forming a cerium 
compound of the quality fulfilling the conditions mentioned above, for example. 

30 The content of this specific cerium compound in the second catalyst layer is in the range of 3 to 80 % by weight as 
Ce0 2 based on the amount of the second catalyst layer, providing that this content should be calculated separately of 
the content of the cerium compound par liter of the catalyst mentioned above. 

Further, this invention prefers the first catalyst layer containing the cerium compound mentioned above to avoid 
substantially containing palladium and the second catalyst layer containing the palladium mentioned above to avoid 

35 substantially containing the cerium compound. Specifically, it is particularly appropriate that neither of the two catalyst 
layers contains the cerium compound and palladium simultaneously. 

The purifying catalyst of this invention for the exhaust gas from an internal combustion engine-prefers the first cat- 
alyst layer containing the cerium compound mentioned above to form an outer layer and the second catalyst layer con- 
taining the palladium mentioned above to form an inner layer, respectively as deposited on a refractory carrier, 

40 particularly a refractory three dimensional carrier structure. 

The purifying catalyst of this invention for the exhaust gas from an internal combustion engine may contain platinum 
metals excluding rhodium and palladium. The platinum metals excluding rhodium and palladium are platinum, iridium, 
etc. for example. The amount of the platinum metal to be used herein is properly in the range of 0.01 to 5 g, preferably 
0.01 to 2 g, per liter of the catalyst. If the amount of the platinum metal to be used is less than 0.01 g, the catalyst will 

45 b deficient in ability. If this amount exceeds 5 g, the excess platinum metal will impair the economy of the catalyst with- 
out producing a proportionate addition to the effect thereof. 

As concrete examples of the refractory inorganic oxide to be effectively used herein, activated aluminas such as y 
-alumina, 6 -alumina, x\ -alumina, and e -alumina; a - alumina; silica; titania; and zirconia or complex oxides thereof such 
as sifica-alumina, alumina-titania, alumina-zirconia, silica-titania, silica-zirconia, and titania-zirconia, and mixtures 

so thereof may be cited. These refractory inorganic oxides generally come in a powdery form. Appropriately, the Brunauer- 
Emmett-Teller (hereinafter referred to as "BET) specific surface area of the inorganic oxide is in the range of 10 to 400 
n^/g, preferably 20 to 300 rr^/g. The amount of the refractory inorganic oxide to be used herein is appropriately in the 
range of 10 to 300 g, preferably 50 to 250 g, per liter of the refractory three dimensional structure. If the amount to be 
used is less than 1 0 g/liter. the catalyst will fail to acquire a fully satisfactory catalytic ability. If this amount exceeds 300 

55 g/lrter. the excess will harm the catalyst by inducing an undue ris in back pressure. 

The refractory thre dimensional structure to be used herein may be a pelletized carrier or a monolithic carrier. This 
invention prefers the monolithic carrier to th pelletized carrier. As typical examples of the monolithic carrier, ceramic 
foam, open-flow type ceramic honeycomb, wall-flow type honeycomb monolith, open-flow type metal honeycomb, 
metallic foam, and metal mesh may be cited. Among other monolithic carriers mentioned above, the open-flow type 
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. . h or thp meta i ric honeycomb is used particularly advantageously. As conaete examples of the mate- 
ceramic honeycomb or the metallic noneycore * ^ ' dietlXe muiijte a-alumina. zirconia. Mania, titanium 
rial used advantageously tor ^^^^^^Tl^^Z silicate may be cfted Among 
phosphate, aluminum trtanate, beteM* ^Z^S^Ti^aZ^g^. .n the metal honeycomb 

stci^^ 

may incorporate therein an alkaline earth metal a^^nicKe. exhibiting 

" a, ^rZt. be described more specially bebw with reference to worKng example, ft shou« be 
noted, however, that this invention is not limited to these examples. 

Example 1 

P^eTnT^^^ 

cerium ox.de (Ce0 2 wrth a BET surface area ^« ft ze(J ^ a(Jded t0 wet 

and controls), aqueous solution of rhodium ^rate^aming 3 gorr oa ^ catalyst layer 

Potion by the useofaba^ 

mentioned above were immersed in the aqueous slurry. The ^ et J™™' . ^ „ c ^ „> riod of ! hour to form 

w*h compressed airtoe^^ 

alumina per liter of the carrier as shown in Table 1 . 
Example 2 

an inner catalyst layer and an outer catalyst layer by following the procedure of Example 1. 



45 Control 1 



50 



55 



mina. 400 g of cer.um oxide, aqueous scHuwno,,^ ft complete catalyst was obtained by preparing 

added thereto to wet pulverization by the use of a baft miD. Tnereaner. a compiei* » » 
^SeTcXt >ayer -d an outer catalyst layer by foftowing the procedure of Example 1 . 



Control 2 



added thereto to wet pulverization by the use of a ball mill Tb^eaner. a compere t^ y 
an inner catalyst layer and an outer catalyst layer by following the procedure of Example 1. 
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Control 3 

An aqueous slurry for the formation of an inner catalyst layer was prepared by subjecting 800 g of activated alu- 
mina, 400 g of cerium oxide, aqueous solution of dinitrodiammine-platinum containing 15 g of platinum, and d ionized 
5 water added thereto to wet pulverization by the use of a ball mill. Thereafter, a complete catalyst was obtained by pre- 
paring an inner catalyst layer and an outer catalyst layer by following the procedure of Example 1 . 
The compositions of the catalysts prepared in the working examples and controls cited above are collectively shown in 
Tabled 



Table 1 





Composition of inner catalyst 
layer (g/l) 


Composition of outer catalyst 
layer (g/l) 






Al 2 0 3 


Ce0 2 




Al 2 0 3 


Ce0 2 


Example 1 


Pd=1.5 


120 


0 


Rh=0.3 


80 


20 


Example 2 


Pd=1.5 


114 


6 


Rh=0.3 


80 


20 


Control 1 


Pd=L5 


80 


40 


Rh=0.3 


80 


20 


Control 2 


Pd=1.5 


110 


10 


Rh=0.3 


80 


20 


Control 3 


Pt=1.5 


80 


40 


Rh=0.3 


80 


20 



Evaluation of Catalyst 

The catalysts obtained in Examples 1 and 2 and Controls 1 through 3 were subjected to durability test in order to 
30 obtain catalyst performance. A sample catalyst was set in place in the exhaust system of a commercially available elec- 
tronically controlled gasoline engine (8 cylinders. 4400 cc) and tested for durability to withstand the impact of the 
exhaust gas. The engine was driven in the mode of 60 seconds of constant-speed drive and 6 seconds of deceleration 
(during the course of the deceleration, the fuel supply was cut and the catalyst was exposed to the harsh condition of 
an oxidizing atmosphere at an elevated temperature) and the catalyst was left standing for 50 hours under the condition 
35 such that the exhaust gas temperature at the inlet to the catalyst might be 850*C during the constant-speed drive. Then, 
the catalyst was set in place in a commercially available electronically controlled gasoline engine (4 cylinders, 2000 cc) 
and tested for catalyst performance using the 10.15 mode, the standard drive mode in Japan which repeats accelera- 
tion, deceleration, constant-speed drive, and idling. The results are shown collectively in Table 2. 

40 

Table 2 



45 





Purification ratio of CO 
(%) 


Purification ratio of HC 
(%) 


Purification ratio of NO 
(%) 


Example 1 


84 


83 


82 


Example 2 


84 


82 


79 


Control 1 


80 


78 


71 


Control 2 


81 


79 


74 


Control 3 


80 


75 


75 



It is clearly noted from the data of Table 2 that, in the practical drive involving acceleration and deceleration and 
55 constant-speed drive, the catalysts of th working examples showed highly satisfactory ability to deprive the exhaust 
gas of NO x and of CO and HC as well, wher as the catalysts of the controls showed a problematic ability to deprive the 
exhaust gas particularly of NO x . 
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Example 3 

A cerium oxide showing a specific surface area of 10 nrftg and a crystal diameter of about 400 A was obtained by 

SeVrteTSoRthic carried made of cordierite (148 mm in major diameter. 84 mm .n m.nor dameter, and X immjn 
and bTim 400 cells per square inch of cross section were immersed in the slurry. The wet monolrth.c earner 
r^SSrywerebtownwith^ 
son °C for a Deriod of 1 hour to complete an inner catalyst layer. 

Then an aqueous slurry was prepared by subjecting 800 g of activated alumina. 200g of commeraany ava.labte 
cerium^de (Ce^i a BET surfacTarea of 149 nV/g). rhodium nitrate containing 3 g of rhod.um. and de-on.zed 

S hUnner catalyst layeV mentioned above were immersed in the aqueous slurry. The wtf monoid came* 
uZZ Zy were blown with compressed air to expel excess slurry dried and caicned at a temperature of 
500 °C for a Deriod of 1 hour to form an outer catalyst layer and obtain a complete catalyst. 

^S^catalyst for the exhaust gas from an interna, combustion engine was found to contam 1 .5 g of palla- 
dium and 0.3 g of rhodium per liter of the refractory three dimensional structure. 

Example 4 

pound for the inner layer. 
Control 4 

A complete catalyst was obtained by following the procedure of Examples while using as the cerium compound for 
the inner layer the same commercially available cerium oxide used for the outer layer. 

^SjosSons of the cata.ysts obtained in Examples 3 and 4 and Control 4 are shown ,n Table 3. 
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Evaluation of Catalyst 

Th catalysts obtained in Examples 3 and 4 and Control 4 were subjected t practical service with an engine and 
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?£ SEE a commercially available e.ectronica.ly controHed gasoline engine (4 cyl-nder^ 

Sec) 'SSSSS^SSi performance using the 10.15 mode, the standard drive mode in Japan wh,ch repeats 
EE^EEta£k». Jnstant-speed drive, and idling. The rcsuKs are shown co.lect.vely ,n Tatte 4. 
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Purification ratio of CO 
(%) 


Purification ratio of HC 
(%) 


Purification ratio of NO 
(%) 


Example 3 


84 


83 


82 


Example 4 


84 


82 


80 


Control 4 


80 


78 


71 



K is clearly noted from the data of Table 4 that, in the practical drive involving acceleration and deceleration and 
conlrt sSd S« JTcatalysts of the working examples showed highly satisfactory ability to depnve the exhaust 
gas t NoTaS J£> «£c as we... whereas the cata.ys, of me control showed a problematic ab,l,ty to deprrve the 
exhaust gas particularly of NO,. 



Claims 

1 A ourifvina catalvst for the exhaust gas from an internal combustion engine, containing rhodium, palladium, a 
30 1 " iSSSSEfJE a refractory iSganic oxide as catalyse components, ojried ^ ^SSSS 
comprising atleast two catalyst layers, namely a first catalyst layer conta,n,ng sari <™^^^ 
catalyst layer containing said palladium and containing said cenum compound in an amount of not more than 5% 
by weight as CeQ 2 based on the amount of the second catalyst layer. 



35 2. 



A catalyst according to claim 1. wherein said first catalyst layer containing said cerium compound contains rho- 



dium. 



3. 



40 



45 



A catalyst according to claim 1 , wherein the rhodium content of said second catalyst layer containing said palladium 
is not more than 0.05% by weight based on the amount of said second catalyst layer. 

4 A catalyst according to claim 1. wherein the palladium content of said first catalyst layer containing said cerium 
compound is not more than 0.1% by weight based on the amount of said first catalyst layer. 

5. A catalyst accoming to claim 1. wherein sad cerium compound and palladium are not substantially contained in 
one and the same catalyst layer. 

6 A catalyst according to claim 1 , wherein saki first catalyst layer containing said cerium forms an outer layer and said 
second catalyst layer containing said palladium an inner layer in superposed catalyst layers 

so 7. A catalyst according to claim 1. which contains platinum metals excluding rhodium and palladium. 

8. A catalyst according to claim 1 . wherein said refractory inorganic oxide has a BET surface area in the range of 10 
to 400 trPfg. 

55 9 A catalyst acceding to any of claims 1 through 8. wherein the rhodium content is in the range of 0.01 to2 g. the 
paSum content *the range of 0.1 to 20 g. the cerium content calculated as CeQ 2 ;n ttie range of 1 to 100 g. and 
th refractory inorganic oxide content in the range of 10 to 300 g per liter of the catalyst. 

1 0. A catalyst according to claim 7. wherein the total content of platinum metals excluding rhodium and palladium is in 
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. the range of 0.01 to 5 g per liter of th catalyst. 

11. A catalyst according to claim 1, wherein said second catalyst layer containing said palladium further contains a 
cerium compound having a BET surface area of not more than 20 m 2 /g or a crystal diameter of not less than 200 

5 A as determined by XRD. 

1 2. A catalyst according to claim 1 1 , wherein said first catalyst layer containing said cerium compound further contains 
rhodium. 

10 13. A catalyst according to claim 1 1, wherein the rhodium content of said second catalyst layer containing said palla- 
dium is not more than 0.05% by weight based on the amount of said second catalyst layer. 

14. A catalyst according to claim 1 1, wherein the palladium content of said first catalyst layer containing said cerium 
compound is not more than 0. 1% by weight based on the amount of said first catalyst layer. 

15 

15. A catalyst according to claim 1 1, wherein said cerium compound and palladium are not substantially contained in 
one and the same catalyst layer. 

16. A catalyst according to claim 1 1, wherein said first catalyst layer containing said cerium forms an outer layer and 
20 said second catalyst layer containing said palladium an inner layer in superposed catalyst layers. 

17. A catalyst according to claim 11, which contains platinum metals excluding rhodium and palladium. 

18. A catalyst according to claim 1 1 , wherein said refractory inorganic oxide has a BET surface area in the range of 10 
25 to 400 rrr^/g. 

19. A catalyst according to any of claims 1 1 through 18. wherein the rhodium content is in the range of 0.01 to 2 g. the 
palladium content in the range of 0.1 to 20 g. the cerium compound content calculated as Ce0 2 in the range of 1 
to 1 00 g, and the refractory inorganic oxide content in the range of 1 0 to 300 g per liter of the catalyst. 
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20. A catalyst according to claim 17, wherein the total content of platinum metals excluding rhodium and palladium is 
in the range of 0.01 to 5 g per liter of the catalyst. 
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